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VEHICLE CONTROL DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Japanese Patent Appli-
cation No. 2022-105910 filed on Jun. 30, 2022, incorporated
herein by reference in its entirety.

BACKGROUND

1. Technical Field

The present disclosure relates to a vehicle control device.
2. Description of Related Art

There is a control device that controls a motor that is a
generation source of a steering force applied to a steering
mechanism of a vehicle. The control device controls power
supply to the motor according to a steering torque and a
vehicle speed detected through on-board sensors. The steer-
ing force is a torque for steering that is generated by the
motor when the advancing direction of the vehicle is
changed.

For example, the control device of Japanese Unexamined
Patent Application Publication No. 2015-143048 (JP 2015-
143048 A) can switch a power supply path between a first
power supply path and a second power supply path. The first
power supply path is a power supply path including an
ignition switch. The second power supply path is a power
supply path including a power line that is directly led from
an on-board battery. The ignition switch is a start switch of
the vehicle.

During travel of the vehicle, the control device maintains
the first power supply path as the power supply path. When
power supply through the first power supply path is shut off
during travel of the vehicle, for example, as the ignition
switch is turned off, the control device switches the power
supply path from the first power supply path to the second
power supply path. After a predetermined period has elapsed
since power supply through the first power supply path has
been shut off, the control device shuts off power supply
through the second power supply path.

This helps prevent a situation where generation of the
steering force is immediately stopped when power supply
through the first power supply path is shut off during travel
of the vehicle.

SUMMARY

After the predetermined period has elapsed since power
supply through the first power supply path has been shut off,
the control device of JP 2015-143048 A shuts off power
supply through the second power supply path, regardless of
the state of the vehicle. It is conceivable that in some
situations, depending on the state of the vehicle, it is not
preferable to stop the generation of the steering force.

For example, the vehicle may continue traveling by
inertia after the generation of the driving force for traveling
is stopped as the ignition switch is turned off. In such a
situation, it is not preferable to stop the generation of the
steering force.

A vehicle control device according to one aspect of the
present disclosure includes a driving control device and a
steering control device. The driving control device is con-
figured to be supplied with electricity through a first power
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line with turning on of a start switch of a vehicle as a trigger,
and configured to execute a first process that generates a
driving force for traveling in the vehicle. The steering
control device is configured to be supplied with electricity
through a second power line with turning on of the start
switch as a trigger, and configured to execute a second
process that generates a steering force for steering in the
vehicle. The steering control device is configured such that,
in a case where it is determined that power supply through
the second power line has stopped during travel of the
vehicle, when it is determined that the driving control device
is not in a state of being able to execute the first process, the
steering control device permits execution of the second
process to stop, whereas when it is determined that the
driving control device is in a state of being able to execute
the first process, the steering control device does not permit
execution of the second process to stop.

In the case where it is determined that power supply
through the second power line has stopped during travel of
the vehicle, the vehicle control device according to one
aspect of the present disclosure can avoid a situation where
execution of the second process that generates a steering
force for steering in the vehicle is stopped despite the vehicle
being in a state of being able to generate a driving force for
traveling. Thus, it is possible to appropriately stop the
generation of a steering force according to the state of the
vehicle. It is also possible to appropriately maintain the
steering function according to the state of the vehicle.

In the vehicle control device according to one aspect of
the present disclosure, the steering control device may be
configured such that, in a case where the steering control
device has permitted execution of the second process to stop,
the steering control device stops execution of the second
process when it is determined that the vehicle has stopped
traveling and that a steering wheel of the vehicle is not being
steered.

The vehicle control device according to one aspect of the
present disclosure can avoid a situation where execution of
the second process that generates a steering force for steer-
ing in the vehicle is stopped during travel of the vehicle or
while the steering wheel is steered.

In the vehicle control device according to one aspect of
the present disclosure, the steering control device may be
configured to determine, based on a voltage level of the first
power line, whether the driving control device is in a state
of being able to execute the first process.

The vehicle control device according to one aspect of the
present disclosure can determine, based on the voltage level
of the first power line, whether the driving control device is
in a state of being able to execute the first process. In the
vehicle control device according to one aspect of the present
disclosure, the driving control device may be configured to
start executing a specified start preparation with turning on
of the start switch of the vehicle as a trigger, and to execute
the first process after completing the start preparation. In this
case, the steering control device may be configured to
determine, based on whether the start preparation has been
completed, whether the driving control device is in a state of
being able to execute the first process.

The vehicle control device according to one aspect of the
present disclosure can determine, based on whether the start
preparation of the driving control device has been com-
pleted, whether the driving control device is in a state of
being able to execute the first process. In the vehicle control
device according to one aspect of the present disclosure, the
second process may be a process that generates a steering
reaction force applied to a steering wheel from which power
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transmission to turning wheels of the vehicle is cut off, and
a turning force for turning the turning wheels.

In the vehicle control device according to one aspect of
the present disclosure, the second process may be a process
that generates an assistive force for assisting steering of a
steering wheel coupled to turning wheels of the vehicle in
such a manner that power is transmittable to the turning
wheels.

The vehicle control device according to the present dis-
closure can appropriately stop the generation of a steering
force according to the state of the vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

Features, advantages, and technical and industrial signifi-
cance of exemplary embodiments of the present disclosure
will be described below with reference to the accompanying
drawings, in which like signs denote like elements, and
wherein:

FIG. 1 is a configuration diagram of a steer-by-wire
steering device in which one embodiment of a vehicle
control device is installed;

FIG. 2 is a block diagram showing the configuration of a
vehicle control system according to one embodiment;

FIG. 3 is a schematic view showing a comparative
example of state transition of a vehicle;

FIG. 4 is a schematic view showing state transition of a
vehicle according to one embodiment; and

FIG. 5 is a configuration diagram of an electric power
steering device in which a vehicle control device according
to another embodiment is installed.

DETAILED DESCRIPTION OF EMBODIMENTS

One embodiment in which a steering control device is
embodied as a steer-by-wire steering device will be
described below. As shown in FIG. 1, a steering device 10
of a vehicle has a steering shaft 12 that is coupled to a
steering wheel 11. The steering device 10 has a turning shaft
13 that extends along a vehicle width direction (the left-right
direction in FIG. 1). At both ends of the turning shaft 13,
turning wheels 15 are respectively coupled through tie rods
14. As the turning shaft 13 performs linear motion, a turning
angle Ow of the turning wheels 15 is changed. The steering
shaft 12 and the turning shaft 13 constitute a steering
mechanism of the vehicle. In FIG. 1, only the turning wheel
15 on one side is shown.

The steering device 10 has a reaction force motor 21 and
a speed reduction mechanism 22. The reaction force motor
21 is, for example, a three-phase brushless motor. The
reaction force motor 21 is a generation source of a steering
reaction force. The steering reaction force refers to a force
that acts toward the opposite direction from a direction in
which a driver operates the steering wheel 11. The steering
reaction force is a steering force for steering that is generated
by the reaction force motor 21 when the advancing direction
of the vehicle is changed.

A rotating shaft of the reaction force motor 21 is coupled
to the steering shaft 12 through the speed reduction mecha-
nism 22. A torque of the reaction force motor 21 is applied
to the steering shaft 12 as the steering reaction force.
Applying the steering reaction force to the steering wheel 11
can give the driver an appropriate sense of resistance to
steering.

The steering device 10 has a turning motor 31 and a speed
reduction mechanism 32. The turning motor 31 is, for
example, a three-phase brushless motor. The turning motor
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31 is a generation source of a turning force. The turning
force refers to a motive power for turning the turning wheels
15. The turning force is a steering force for steering that is
generated by the turning motor 31 when the advancing
direction of the vehicle is changed.

The rotating shaft of the turning motor 31 is coupled to a
pinion shaft 33 through the speed reduction mechanism 32.
Pinion teeth 33a of the pinion shaft 33 are meshed with rack
teeth 13a of the turning shaft 13. A torque of the turning
motor 31 is applied as the turning force to the turning shaft
13 through the pinion shaft 33. As the turning motor 31
rotates, the turning shaft 13 moves along the vehicle width
direction.

The steering device 10 has a steering control device 40.
The steering control device 40 constitutes a vehicle control
device. The steering control device 40 has a processing
circuit including one of the following three configurations
Al, A2, A3.

Al. One or more processors that operate in accordance
with a computer program that is software. The processor
includes a central processing unit (CPU) and a memory.

A2. One or more dedicated hardware circuits, such as
application-specific integrated circuits (ASICs), that execute
at least some of various processes. The ASIC includes a CPU
and a memory.

A3. A hardware circuit combining the configurations Al,
A2. The memory is a computer-readable medium and stores
a program in which a process or a command for a computer
is written. In this embodiment, the computer is a CPU. The
memory includes a random-access memory (RAM) and a
read-only memory (ROM). The CPU executes various types
of control by executing a program stored in the memory on
a specified arithmetic operation cycle.

The steering control device 40 includes a reaction force
control device 40A and a turning control device 40B. The
reaction force control device 40A controls driving of the
reaction force motor 21 that is a control target. The reaction
force control device 40A executes reaction force control for
generating a steering reaction force according to a steering
torque Th in the reaction force motor 21. The reaction force
control device 40A calculates a target steering reaction force
based on the steering torque Th detected through a torque
sensor 23. The torque sensor 23 is provided on the steering
shaft 12. The reaction force control device 40A controls
power supply to the reaction force motor 21 such that the
actual steering reaction force applied to the steering shaft 12
matches the target steering reaction force.

The reaction force control device 40A and the reaction
force motor 21 may be integrally provided to constitute a
so-called mechano-electric integrated reaction force actua-
tor. The turning control device 40B controls driving of the
turning motor 31 that is a control target. The turning control
device 40B executes turning control for generating a turning
force for turning the turning wheels 15 in the turning motor
31 according to the steering state. The turning control device
40B takes in a steering angle 0s detected through a steering
angle sensor 24 and a stroke Xw of the turning shaft 13
detected through a stroke sensor 34. The stroke Xw is an
amount of shift of the turning shaft 13 with respect to its
neutral position, and is a state variable reflecting the turning
angle Ow. The steering angle sensor 24 is provided on the
steering shaft 12, between the torque sensor 23 and the speed
reduction mechanism 22. The stroke sensor 34 is provided
near the turning shaft 13.

The turning control device 40B calculates a target turning
angle of the turning wheels 15 based on the steering angle
0s detected through the steering angle sensor 24. The turning
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control device 40B calculates the turning angle 6w based on
the stroke Xw of the turning shaft 13 detected through the
stroke sensor 34. The turning control device 40B controls
power supply to the turning motor 31 such that the turning
angle 0w calculated based on the stroke Xw matches the
target turning angle.

The turning control device 40B and the turning motor 31
may be integrally provided to constitute a so-called
mechano-electric integrated turning actuator. The turning
control device 40B and the reaction force control device
40A can communicate with each other. The turning control
device 40B and the reaction force control device 40A can
communicate and thereby exchange information with each
other.

The vehicle has a driving control device 50. The driving
control device 50 constitutes a vehicle control device. The
configuration of the driving control device 50 is basically
similar to that of the steering control device 40. The reaction
force control device 40A and the on-board driving control
device 50 are connected to each other through an on-board
network 51. The on-board network 51 is, for example, a
controller area network (CAN). The reaction force control
device 40A and the driving control device 50 exchange
information with each other through the on-board network
51.

The driving control device 50 controls travel of the
vehicle. Specifically, the driving control device 50 controls,
for example, a power train of the vehicle. The power train
includes a travel driving source and a power transmission
mechanism of the vehicle. The travel driving source gener-
ates a driving force for making the vehicle travel. The travel
driving source includes, for example, an engine or a motor.
When the travel driving source is an engine, the control
target of the driving control device 50 includes a fuel
injection device. The power transmission mechanism is a
mechanism for transmitting a driving force generated by the
travel driving source to driving wheels. The reaction force
control device 40A controls driving of the reaction force
motor 21 based on information exchanged between the
reaction force control device 40A and the driving control
device 50.

The control of the power train of the vehicle executed by
the driving control device 50 is one example of a first
process that generates a driving force for traveling in the
vehicle. The reaction force control and the turning control
executed by the steering control device 40 are examples of
a second process that generates a steering force for steering
in the vehicle.

Configuration of Control System of Vehicle

Next, the configuration of a control system of the vehicle
will be described. As shown in FIG. 2, the control system of
the vehicle has various control devices or systems in addi-
tion to the steering control device 40 and the driving control
device 50 described above. For example, the control system
has a body control device 60, a power distribution control
device 70, and other systems 80. The other systems 80
include various types of systems that are required to operate
when generating a driving force for traveling in the power
train of the vehicle.

The various types of control devices including the steer-
ing control device 40, the driving control device 50, the body
control device 60, and the other systems 80 are supplied with
electricity from an on-board direct-current power source 90.
The direct-current power source 90 is, for example, a
battery. The various types of sensors including the torque
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sensor 23, the steering angle sensor 24, and the stroke sensor
34 are also supplied with electricity from the direct-current
power source 90.

The steering control device 40, the driving control device
50, the body control device 60, and the other systems 80 are
connected to one another through the on-board network 51.
The body control device 60 and the power distribution
control device 70 are communicably connected to each other
through a board-to-board connector 61. The standard for
communication between the body control device 60 and the
power distribution control device 70 is, for example, a clock
extension peripheral interface (CXPI).

The driving control device 50, the body control device 60,
the power distribution control device 70, and the other
systems 80 are connected to the direct-current power source
90 through a first power line L1. The steering control device
40 is connected to the direct-current power source 90
through a second power line 1.2 and the power distribution
control device 70.

The first power line [.1 has a start switch 91A and a first
relay 91B. The start switch 91A is disposed at a position
closer to the direct-current power source 90 than the first
relay 91B is.

The start switch 91A is, for example, an ignition switch or
a power switch. The start switch 91A is operated when
starting or stopping the travel driving source of the vehicle,
such as the engine. When the start switch 91A is turned on,
electricity of the direct-current power source 90 can be
supplied to each of the control devices (40, 50, 60, 70) and
the other systems 80. That the start switch 91A turns on
means that the vehicle power source turns on. That the start
switch 91A turns off means that the vehicle power source
turns off.

The first relay 91B opens and closes the first power line
L1. The first relay 91B has a coil and a contact. When the
coil is excited, the contact closes. When the coil is not
excited, the contact opens.

The body control device 60 is connected to a first con-
nection point P1 of the first power line [.1. The first
connection point P1 is located in the first power line L1,
between the start switch 91A and the first relay 91B.

The power distribution control device 70 is connected to
a second connection point P2 of the first power line [.1. The
second connection point P2 is located in the first power line
L1, between the first connection point P1 and the first relay
91B.

The driving control device 50 is connected to a third
connection point P3 of the first power line [.1. The third
connection point P3 is located on the opposite side of the
first relay 91B from the second connection point P2.

The other systems 80 are connected to a fourth connection
point P4 of the first power line L1. The fourth connection
point P4 is located on the opposite side of the third connec-
tion point P3 from the first relay 91B.

In the first power line L1, the start switch 91A, the first
connection point P1, the second connection point P2, the
first relay 91B, the third connection point P3, and the fourth
connection point P4 are located farther away from the
direct-current power source 90 in this order.

The body control device 60 has a control circuit 60A. The
control circuit 60A is a CPU. The control circuit 60A
controls functions of the entire body of the vehicle. The
control circuit 60A centrally controls, for example, air
conditioning of the inside of a vehicle cabin, lighting of the
inside and the outside of the vehicle cabin, doors, windows,
mirrors, and wipers.
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The power distribution control device 70 has a control
circuit 70A and a second relay 70B. The control circuit 70A
is a CPU. The control circuit 70A controls distribution of
electricity supplied from the direct-current power source 90.
The control circuit 70A can communicate with the control
circuit 60A.

The second relay 70B has a configuration similar to that
of the first relay 91B. An input terminal of the second relay
70B is connected to the second connection point P2 of the
first power line L1 through a connection line L.C. An output
terminal of the second relay 70B is connected to the second
power line L.2. The connection line L.C has a diode 70C for
backflow prevention. An anode of the diode 70C is con-
nected to the second connection point P2. A cathode of the
diode 70C is connected to the input terminal of the second
relay 70B.

The steering control device 40 is connected to a fifth
connection point P5 of the second power line [.2. The
driving control device 50 is connected not only to the first
power line [L1 but also to a sixth connection point P6 of the
second power line [.2.

The control circuit 70A controls opening and closing of
the first relay 91B and the second relay 70B. When the first
relay 91B is turned on, the part of the first power line L1
between the second connection point P2 and the third
connection point P3 becomes conductive. When the first
relay 91B is turned off, conduction of the part of the first
power line L1 between the second connection point P2 and
the third connection point P3 becomes interrupted. When the
second relay 70B is turned on, the connection line L.C and
the second power line [.2 become conductive. When the
second relay 70B is turned off, conduction between the
connection line L.C and the second power line [.2 becomes
interrupted.

The control circuit 70A has a first input terminal 70D and
a second input terminal 70E. The first input terminal 70D is
connected to a seventh connection point P7 of the connec-
tion line L.C through a first lead-in wire LW1. The seventh
connection point P7 is located in the connection line LC,
between the second connection point P2 and the diode 70C.
The first input terminal 70D and the first lead-in wire LW1
are connected to each other, for example, by a connector.

The second input terminal 70E is connected to an eighth
connection point P8 of the connection line LC through a
second lead-in wire LW2. The eighth connection point P8 is
located between the diode 70C of the connection line LC and
the second relay 70B. The second input terminal 70E and the
second lead-in wire LW2 are connected to each other, for
example, by a connector.

Through the connection line L.C and the first lead-in wire
LW1, the control circuit 70A takes in electricity supplied to
the first relay 91B. Through the connection line LC and the
second lead-in wire LW2, the control circuit 70A takes in
electricity supplied to the second relay 70B. The control
circuit 70A monitors a voltage level of the first input
terminal 70D and a voltage level of the second input
terminal 70E.

When the voltage level of the first input terminal 70D is
equal to or higher than a first voltage threshold value, the
control circuit 70A turns the first relay 91B on. That is, the
control circuit 70A supplies an electric signal for exciting
the coil of the first relay 91B to the first relay 91B. As the
coil of the first relay 91B is excited, the contact of the first
relay 91B closes. As the first relay 91B turns on, electricity
from the direct-current power source 90 is supplied to the
driving control device 50 and the other systems 80 through
the first power line L1.
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The first voltage threshold value is set based on a voltage
that is applied to the first input terminal 70D when the start
switch 91A is turned on. The voltage level of the first input
terminal 70D is one example of the voltage level of the first
power line L1.

The control circuit 70A sets the value of a first flag
according to the voltage level of the first input terminal 70D.
When the voltage level of the first input terminal 70D is
equal to or higher than the first voltage threshold value, the
control circuit 70A sets the value of the first flag to “1
(=Hi).” When the voltage level of the first input terminal
70D is lower than the first voltage threshold value, the
control circuit 70A sets the value of the first flag to “0
(=Lo).” The first flag is information indicating an on or off
state of the start switch 91A.

When the voltage level of the second input terminal 70E
is equal to or higher than a second voltage threshold value,
the control circuit 70A turns the second relay 70B on. That
is, the control circuit 70A supplies an electric signal for
exciting the coil of the second relay 70B to the second relay
70B. As the coil of the second relay 70B is excited, the
contact of the second relay 70B closes. As the second relay
70B turns on, electricity from the direct-current power
source 90 is supplied to the steering control device 40 and
the driving control device 50 through the second power line
L2.

The second voltage threshold value is set based on a
voltage that is applied to the second input terminal 70E when
the start switch 91A is turned on. The voltage level of the
second input terminal 70E is one example of the voltage
level of the second power line [.2.

The control circuit 70A sets the value of a second flag
according to the voltage level of the second input terminal
70E. When the voltage level of the second input terminal
70E is equal to or higher than the second voltage threshold
value, the control circuit 70A sets the value of the second
flag to “1 (=Hi).” When the voltage level of the second input
terminal 70E is lower than the second voltage threshold
value, the control circuit 70A sets the value of the second
flag to “0 (=Lo).” The second flag is information indicating
an on or off state of the start switch 91A.

The body control device 60 takes in the value of the first
flag and the value of the second flag. The value of the first
flag and the value of the second flag are shared among the
various types of control devices or systems through the
on-board network 51. The control devices include the steer-
ing control device 40, the driving control device 50, the body
control device 60, and control devices of the other systems
80.

The steering control device 40 is connected to the direct-
current power source 90 through a power source relay (not
shown). When the power source relay turns on, electricity
from the direct-current power source 90 is supplied to the
steering control device 40 through the power source relay.
When the power source relay turns off, power supply
through the power source relay is shut off. The steering
control device 40 controls turning on and off of the power
source relay. When the start switch 91A turns on, the
steering control device 40 turns the power source relay on.
When the start switch 91A turns off, the steering control
device 40 turns the power source relay off.

The steering control device 40 may be configured to
execute power latch control that maintains the power source
relay in an on state for a specified period after the start
switch 91A turns off. Thus, the steering control device 40
can operate also after the start switch 91A turns off. When
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the specified period has elapsed, the steering control device
40 shuts off power supply to itself by turning the power
source relay off.

When power supply to the steering control device 40
through the power source relay is shut off, execution of the
reaction force control and the turning control by the steering
control device 40 is stopped.

Turning Start Switch Off During Travel

There is a concern in the vehicle as follows. It is con-
ceivable that the start switch 91A may be turned off during
travel of the vehicle. However, since the vehicle is traveling,
it is not preferable that execution of the reaction force
control and the turning control by the steering control device
40 is immediately stopped as power supply to the steering
control device 40 through the power source relay is shut off.

To deal with turning off of the start switch 91A during
travel, one idea is to configure the steering control device 40
as follows. The steering control device 40 determines that
the start switch 91A has been turned off during travel of the
vehicle, for example, when all of the following three con-
ditions B1 to B3 are met. When it is determined that the start
switch 91A has been turned off during travel of the vehicle,
the steering control device 40 continues execution of the
reaction force control and the turning control.

Bl. “V,<V,,”

“V,” is a voltage level of the second power line [.2. “V,,,”
is a voltage threshold value. The voltage threshold value is
a criterion for determining whether the start switch 91A has
been turned off, and is set, for example, based on the voltage
level of the second power line [.2 when the start switch 91A
is off.

B2. “V>V,,,”

“V” is the value of a vehicle speed acquired through the
on-board network 51. “V,,,” is a first vehicle speed thresh-
old value. The first vehicle speed threshold value V,,; is a
criterion for determining whether the vehicle is traveling,
and is set based on, for example, a very low speed of about
a few kilometers per hour.

B3. “FG2=0”

“FG2” is the value of the second flag set by the power
distribution control device 70. That the value of the second
flag FG2 is “0” means that the voltage level of the second
input terminal 70E is lower than the second voltage thresh-
old value. The steering control device 40 acquires the value
of the second flag FG2 through the on-board network 51.

When it is determined that the start switch 91A has been
turned off during travel of the vehicle, the steering control
device 40 permits execution of the reaction force control and
the turning control to stop. In the case where it is determined
that the start switch 91A has been turned off during travel of
the vehicle, the steering control device 40 stops execution of
the reaction force control and the turning control when both
of the following two conditions C1, C2 are met.

Cl. “V=V,,” as well as “T1=T1,,”

“V,,5~ 1s a second vehicle speed threshold value. The
second vehicle speed threshold value V,,, may be the same
as the first vehicle speed threshold value V,,;. “T1” is a time
that has elapsed since a vehicle speed V has decreased to a
value equal to or smaller than the second vehicle speed
threshold value V,,,. “T1,,” is a first time threshold value.
The first time threshold value is a criterion for determining
whether the vehicle is stationary.

C2. “Th<Th,,” as well as “T2=T2,,”

“Th” is a steering torque. “Th,,” is a torque threshold
value. The torque threshold value is a criterion for deter-
mining whether the steering wheel 11 is not being steered.
“T2” is a time that has elapsed since the steering torque Th
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has decreased to a value equal to or smaller than the torque
threshold value. “T2,,” is a second time threshold value. The
second time threshold value is a criterion for determining
whether the situation is such that the steering wheel 11 is not
steered.

As the condition C1, the following condition may be
adopted.

Cl. “T3=T3,”

“T3” is a time that has elapsed since the start switch 91A
has been turned off during travel of the vehicle. “T3,,” is a
third time threshold value. The third time threshold value
T3, is set to a value that is sufficiently large compared with
the first time threshold value T1,,. The third time threshold
value T3, is a criterion for determining whether the vehicle
is stationary.

Thus, even when the start switch 91A is turned off during
travel of the vehicle, execution of the reaction force control
and the turning control by the steering control device 40 is
not immediately stopped. When the vehicle stops traveling
and the steering wheel 11 is no longer steered either,
execution of the reaction force control and the turning
control by the steering control device 40 is stopped.

However, the following phenomenon may occur in the
vehicle. As shown at part (a) of FIG. 3, it is conceivable that
a connector 100 that connects the second input terminal 70E
of the power distribution control device 70 and the second
lead-in wire LW2 to each other may come off during travel
of the vehicle. In this case, despite the start switch 91A
having not been turned off, the steering control device 40
may stop execution of the reaction force control and the
turning control.

Specifically, when the connector comes off, the voltage
level of the second input terminal 70E decreases to a value
smaller than the second voltage threshold value. Therefore,
the power distribution control device 70 sets the value of the
second flag FG2 to “0.” Further, when the voltage level of
the second input terminal 70E decreases to a value smaller
than the second voltage threshold value, the power distri-
bution control device 70 turns the second relay 70B off. As
a result, power supply from the direct-current power source
90 to the second power line [.2 stops.

Thus, in the case where the vehicle is traveling and the
value of the vehicle speed V is larger than the first vehicle
speed threshold value V,,;, the steering control device 40
erroneously determines that the start switch 91A has been
turned off during travel of the vehicle, as all of the above
three conditions B1 to B3 are met.

As shown at part (b) and part (¢) of FIG. 3, when
thereafter the above condition C1 is met as the vehicle stops
traveling, and moreover the above condition C2 is met as the
steering wheel 11 is no longer steered, the steering control
device 40 stops execution of the reaction force control and
the turning control.

As shown at part (d) of FIG. 3, even when the steering
control device 40 has stopped execution of the reaction force
control and the turning control, the driving control device 50
continues operating normally. Thus, despite being in a state
of being able to travel, the vehicle may lose its steering
function. The steering function is a function of turning the
turning wheels 15 according to the amount of operation of
the steering wheel 11.

Also when breakage or ground fault of the second lead-in
wire LW2 or the second power line [.2 occurs during travel
of the vehicle, the same phenomenon as when the connector
100 comes off may occur.
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Process of Determining State of Start Switch During Travel

In this embodiment, therefore, the following configura-
tion of the steering control device 40 is adopted. The steering
control device 40 has the following condition B4, in addition
to the above three conditions B1 to B3, as a condition for
determining the state of the start switch 91A during travel of
the vehicle.

B4. “FG1=0”

“FG1” is the value of the first flag set by the power
distribution control device 70. That the value of the first flag
FG1 is “0” means that the voltage level of the first input
terminal 70D is lower than the first voltage threshold value.
The steering control device 40 acquires the value of the first
flag FG1 through the on-board network 51.

When all of the above four conditions B1 to B4 are met,
the steering control device 40 determines that the start
switch 91A has been turned off during travel of the vehicle.
When it is determined that the start switch 91A has been
turned off during travel of the vehicle, the steering control
device 40 permits execution of the reaction force control and
the turning control to stop. In the case where it is determined
that the start switch 91A has been turned off during travel of
the vehicle, the steering control device 40 stops execution of
the reaction force control and the turning control when both
of the above two conditions C1, C2 are met.

Workings of Embodiment

Next, the workings of the embodiment will be described.
As shown at part (a) of FIG. 4, it is conceivable that the
connector 100 that connects the second input terminal 70E
of the power distribution control device 70 and the second
lead-in wire LW2 to each other may come off during travel
of the vehicle. In this case, the voltage level of the second
input terminal 70E decreases to a value smaller than the
second voltage threshold value. Therefore, the power dis-
tribution control device 70 sets the value of the second flag
FG2 to “0.” Further, when the voltage level of the second
input terminal 70E decreases to a value smaller than the
second voltage threshold value, the power distribution con-
trol device 70 turns the second relay 70B off. As a result,
power supply from the direct-current power source 90 to the
second power line [.2 stops. Thus, when the vehicle is
traveling and the value of the vehicle speed V is larger than
the first vehicle speed threshold value V,,,,, the above three
conditions B1 to B3 are met.

However, when the start switch 91 A has not actually been
turned off; the voltage level of the first input terminal 70D
is maintained at a value equal to or larger than the first
voltage threshold value. That is, the value of the first flag
FG1 is maintained as “1.” As the above condition B4 is not
met, the steering control device 40 does not determine that
the start switch 91A has been turned off during travel of the
vehicle.

Thus, even when both of the above two conditions C1, C2
are met, the steering control device 40 does not stop execu-
tion of the reaction force control and the turning control.
Accordingly, the driving control device 50 continues oper-
ating normally, so that a situation where the vehicle loses its
steering function despite being in a state of being able to
travel can be avoided. The steering function is maintained as
the steering control device 40 continues execution of the
reaction force control and the turning control.

Also when breakage or ground fault of the second lead-in
wire LW2 or the second power line [.2 occurs during travel
of the vehicle, the same process as when the connector 100
comes off is executed. As shown at part (b) of FIG. 4, when
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the start switch 91A is actually turned off during travel of the
vehicle, the voltage level of the first input terminal 70D
decreases to a value smaller than the first voltage threshold
value. Therefore, the power distribution control device 70
sets the value of the first flag FG1 to “0.” Further, when the
voltage level of the first input terminal 70D decreases to a
value smaller than the first voltage threshold value, the
power distribution control device 70 turns the first relay 91B
off. As a result, power supply from the direct-current power
source 90 to the first power line L1 stops. Accordingly, the
driving control device 50 and the other systems 80 stop
operating, so that the power train of the vehicle does not
generate a driving force for traveling. However, when the
start switch 91A is turned off during travel of the vehicle, the
vehicle can continue traveling by inertia.

When the start switch 91A is actually turned off during
travel of the vehicle, the voltage level of the second input
terminal 70E decreases to a value smaller than the second
voltage threshold value. Therefore, the power distribution
control device 70 sets the value of the second flag FG2 to
“0.” Further, when the voltage level of the second input
terminal 70E decreases to a value smaller than the second
voltage threshold value, the power distribution control
device 70 turns the second relay 70B off. As a result, power
supply from the direct-current power source 90 to the second
power line 1.2 stops. Thus, when the vehicle is traveling and
the value of the vehicle speed V is larger than the first
vehicle speed threshold value V,, all of the above four
conditions B1 to B4 are met.

As all of the above four conditions B1 to B4 are met, the
steering control device 40 determines that the start switch
91A has been turned off during travel of the vehicle. As
shown at part (c), part (d), and part (e) of FIG. 4, when
thereafter the above condition C1 is met as the vehicle stops
traveling, and moreover the above condition C2 is met as the
steering wheel 11 is no longer steered, the steering control
device 40 stops execution of the reaction force control and
the turning control. The driving control device 50, the other
systems 80, and the power train of the vehicle are main-
tained in a state of having stopped operating.

Advantages of Embodiment

This embodiment can offer the following advantages.

(1) In the case where it is determined that power supply
through the second power line [.2 has stopped during travel
of the vehicle, the steering control device 40 permits execu-
tion of the reaction force control and the turning control to
stop when it is determined that the driving control device 50
is not in a state of being able to execute the process that
generates a driving force for traveling. On the other hand, in
the case where it is determined that power supply through
the second power line [.2 has stopped during travel of the
vehicle, the steering control device 40 does not permit
execution of the reaction force control and the turning
control to stop when it is determined that the driving control
device 50 is in a state of being able to execute the process
that generates a driving force for traveling.

Thus, in the case where it is determined that power supply
through the second power line [.2 has stopped during travel
of the vehicle, a situation can be avoided where execution of
the reaction force control and the turning control is stopped
despite the vehicle being in a state of being able to generate
a driving force for traveling. That is, execution of the
reaction force control and the turning control is stopped
according to the state of the vehicle, so that the steering
function can be appropriately stopped. Further, execution of
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the reaction force control and the turning control is contin-
ued according to the state of the vehicle, so that the steering
function can be appropriately maintained.

(2) It is conceivable that power supply through the second
power line [.2 may stop, for example, due to the connector
100 coming off. When the connector 100 comes off, only
power supply through the second power line L2 is stopped
while power supply through the first power line L1 is
continued. On the other hand, when the start switch 91A is
turned off, both of power supply through the first power line
L1 and power supply through the second power line [.2 are
stopped.

In view of this, in the case where it is determined that
power supply through the second power line L2 has stopped
during travel of the vehicle, the steering control device 40
does not permit execution of the reaction force control and
the turning control to stop when it is determined that the
driving control device 50 is in a state of being able to execute
the process that generates a driving force for traveling. That
is, even when the above conditions B1 to B3 are met, unless
the condition B4 is met, the steering control device 40 does
not permit execution of the reaction force control and the
turning control to stop. Thus, whether the start switch 91A
has been turned off can be determined more accurately. This
helps prevent the steering control device 40 from errone-
ously stopping execution of the reaction force control and
the turning control due to the connector 100 coming off.

The same applies to the case where breakage or ground
fault has occurred in the second lead-in wire LW2 or the
second power line [.2.

(3) In the case where the steering control device 40 has
permitted execution of the reaction force control and the
turning control to stop, the steering control device 40 stops
execution of the reaction force control and the turning
control when the above two conditions C1, C2 are met and
it is therefore determined that the vehicle has stopped
traveling and that moreover the steering wheel 11 is not
being steered. Thus, a situation can be avoided where
execution of the reaction force control and the turning
control is stopped during travel of the vehicle or while the
steering wheel 11 is being steered.

(4) The steering control device 40 can easily determine,
based on the voltage level of the first power line L1, whether
the driving control device 50 is in a state of being able to
execute the process that generates a driving force for trav-
eling. The voltage level of the first power line L1 can be
recognized based on the value of the first flag FG1 that is set
by the power distribution control device 70.

(5) In the steer-by-wire steering device 10, power trans-
mission between the steering wheel 11 and the turning
wheels 15 is cut off. Therefore, the steering device 10 is
required to appropriately maintain the steering function, or
appropriately stop the steering function, according to the
state of the vehicle. In this respect, even when it is deter-
mined that the start switch 91A has been turned off during
travel of the vehicle, the steering control device 40 does not
stop execution of the reaction force control and the turning
control during travel of the vehicle or when the steering
wheel 11 is being steered. Thus, this embodiment is suitable
for the steer-by-wire steering device 10.

Other Embodiments

The embodiment may be implemented with the following
changes made thereto.

The reaction force motor 21 may have a set of windings
of a first system and a set of wirings of a second system. The
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set of wirings of the first system and the set of wirings of the
second system are wound around a common stator. The set
of wirings of the first system and the set of wirings of the
second system are equivalent to each other in electric
characteristics. The reaction force control device 40A con-
trols power supply to the sets of windings of the two systems
in the reaction force motor 21 for each system indepen-
dently.

In this case, the reaction force control device 40A may
have a first system circuit and a second system circuit. The
first system circuit controls power supply to the set of
windings of the first system in the reaction force motor 21
according to the steering torque Th detected through the
torque sensor 23. The second system circuit controls power
supply to the set of windings of the second system in the
reaction force motor 21 according to the steering torque Th
detected through the torque sensor 23.

The turning motor 31 may have a set of windings of a first
system and a set of wirings of a second system. The set of
wirings of the first system and the set of wirings of the
second system are wound around a common stator. The set
of wirings of the first system and the set of wirings of the
second system are equivalent to each other in electric
characteristics. The turning control device 40B controls
power supply to the sets of windings of the two systems in
the turning motor 31 for each system independently.

In this case, the turning control device 40B may have a
first system circuit and a second system circuit. The first
system circuit controls power supply to the set of windings
of the first system in the turning motor 31 according to the
steering angle 0s detected through the steering angle sensor
24 and the stroke Xw of the turning shaft 13 detected
through the stroke sensor 34. The second system circuit
controls power supply to the set of windings of the second
system in the turning motor 31 according to the steering
angle 0s detected through the steering angle sensor 24 and
the stroke Xw of the turning shaft 13 detected through the
stroke sensor 34.

The driving control device 50 starts executing a specified
start preparation when the start switch 91A is turned on, i.e.,
when the vehicle power source is turned on. After complet-
ing the start preparation, the driving control device 50 starts
the power train of the vehicle. When execution of the
process of starting the power train is completed, the driving
control device 50 turns a preparation completion signal on.
The preparation completion signal is information indicating
that the power train of the vehicle is in a state of being able
to generate a driving force for traveling. The preparation
completion signal may be a third flag. When the power train
of'the vehicle is in a state of being able to generate a driving
force for traveling, the driving control device 50 sets the
value of the third flag to “1.” When the power train of the
vehicle is not in a state of being able to generate a driving
force for traveling, the driving control device 50 sets the
value of the third flag to “0.”

Based on this premise, the steering control device 40 may
adopt the following condition BS5, instead of the above
condition B4, as a condition for determining the state of the
start switch 91A during travel of the vehicle.

BS. “FG3=0”

“FG3” is the value of the third flag that is set by the
driving control device 50. The steering control device 40
acquires the value of the third flag FG3 through the on-board
network 51.

Thus, the steering control device 40 can determine, based
on whether the start preparation of the driving control device
50 has been completed, whether the driving control device
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50 is in a state of being able to execute the process that
generates a driving force for traveling. Further, the steering
control device 40 can determine, based on whether all of the
above four conditions B1 to B3, B5 are met, whether the
start switch 91A has been turned off during travel of the
vehicle. When it is determined that the start switch 91A has
been turned off during travel of the vehicle, the steering
control device 40 permits execution of the reaction force
control and the turning control to stop. The steering control
device 40 stops execution of the reaction force control and
the turning control when both of the above two conditions
(C1), (C2) are met.

The steering control device 40 may be embodied in an
electric power steering device. In an electric power steering
device 200, the steering wheel 11 and the turning wheels 15
shown in FIG. 1 described above are mechanically coupled
to each other. Thus, the steering shaft 12, the pinion shaft 33,
and the turning shaft 13 function as a power transmission
path between the steering wheel 11 and the turning wheels
15. As the turning shaft 13 performs linear motion in
accordance with steering of the steering wheel 11, the
turning angle 0w of the turning wheels 15 is changed.

The electric power steering device 200 has an assistance
motor 201 and an assistance control device 202. The assis-
tance motor 201 is provided at the same position as the
reaction force motor 21 or the turning motor 31 shown in
FIG. 1 described above. In FIG. 5, as one example, the
assistance motor 201 is provided at the same position as the
reaction force motor 21 shown in FIG. 1. The assistance
control device 202 is one example of the steering control
device. The assistance control device 202 controls driving of
the assistance motor 201 that is a control target. The assis-
tance control device 202 executes assistance control for
generating an assistive force in the assistance motor 201.
The assistive force is a torque for assisting operation of the
steering wheel 11, and is a torque in the same direction as the
steering direction of the steering wheel 11. The assistive
force is a steering force for steering that is generated by the
assistance motor 201 when the advancing direction of the
vehicle is changed.

The assistance control device 202 determines whether the
start switch 91A has been turned off during travel of the
vehicle based on whether all of the above four conditions B1
to B4 are met. When all of the above four conditions B1 to
B4 are met, the assistance control device 202 determines that
the start switch 91A has been turned off during travel of the
vehicle. In the case where it is determined that the start
switch 91A has been turned off during travel of the vehicle,
the assistance control device 202 stops execution of the
assistance control when both of the above two conditions
C1, C2 are met.

When the connector 100 comes off during travel of the
vehicle, the above condition B4 is not met. Therefore, when
the connector 100 comes off during travel of the vehicle, the
assistance control device 202 does not erroneously deter-
mine that the start switch 91A has been turned off during
travel of the vehicle. Even when both of the above two
conditions C1, C2 are met, the assistance control device 202
continues execution of the assistance control. Thus, a situ-
ation where the vehicle loses its steering function despite
being in a state of being able to travel is avoided.
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What is claimed is:

1. A control system comprising:

a driving control device configured to be supplied with

electricity through a first power line with turning on of

a start switch of a vehicle as a trigger, the driving

control device comprising a processor and a memory

and being configured to execute a first process that
generates a driving force for traveling in the vehicle;
and

a steering control device configured to be supplied with

electricity through a second power line with turning on

of the start switch as a trigger, the steering control
device comprising a processor and a memory and being

configured to execute a second process that generates a

steering force for steering in the vehicle, wherein

the steering control device is configured such that, in a

case where it is determined that power supply through

the second power line has stopped during travel of the
vehicle:

(1) the steering control device permits execution of the
second process to stop when it is determined that the
driving control device is not in a state of being able
to execute the first process; and

(2) the steering control device does not permit the
execution of the second process to stop when it is
determined that the driving control device is in the
state of being able to execute the first process.

2. The control system according to claim 1, wherein the
steering control device is configured such that, in a case
where the steering control device has permitted the execu-
tion of the second process to stop, the steering control device
stops the execution of the second process when it is deter-
mined (i) that the vehicle has stopped traveling and (ii) that
a steering wheel of the vehicle is not being steered.

3. The control system according to claim 1, wherein the
steering control device is configured to determine, based on
a voltage level of the first power line, whether the driving
control device is in the state of being able to execute the first
process.

4. The control system according to claim 1, wherein:

the driving control device is configured to start executing

a specified start preparation with turning on of the start

switch of the vehicle as a trigger, and the driving

control device is configured to execute the first process
after completing the start preparation; and

the steering control device is configured to determine,

based on whether the start preparation has been com-

pleted, whether the driving control device is in the state
of being able to execute the first process.

5. The control system according to claim 1, wherein the
second process is a process that generates (i) a steering
reaction force, which is applied to a steering wheel from
which power transmission to turning wheels of the vehicle
is cut off, and (ii) a turning force for turning the turning
wheels.

6. The control system according to claim 1, wherein the
second process is a process that generates an assistive force
for assisting steering of a steering wheel coupled to turning
wheels of the vehicle in such a manner that power is
transmittable to the turning wheels.
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